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Abstract 
Processes of transition to democracy and country break up stand out as ideal experiments to 
estimate the impact of wide institutional reform on well-being. Changes in population 
heights are regarded as virtuous pointers of well-being improvements in psycho-social 
environments, which improve with democracy. We analyzed a unique dataset containing 
individual heights in the Czech Republic and Slovakia to measure the retrospective well-
being effects of the two transitions to liberal democracy and capitalism after the split up of 
Czechoslovakia. An additional year spent under democracy increases height by 0.286cm for 
Slovaks and 0.148cm for Czechs. Results were robust to using an alternative dataset and 
suggest that although transition paths differ across the two countries, the absolute height gap 
between Slovaks and the Czechs did not change. Slovaks benefited more than the Czechs in 
the bottom and mid tercile. 
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Anthropometric Dividends of Czechoslovakia’s 
Break Up  
  
Introduction 
 
Physical stature is regarded a retrospective indicator of “how well the human 
organism fares during childhood and adolescence in its socio-economic and 
epidemiological environment” (Komlos & Snowdon, 2005). The latter has 
paved the way to an established research that substantiates the claim that 
human heights are a retrospective marker of wellbeing and living standards 
(Steckel, 2009). Although, calorie and protein intake during one’s childhood 
and youth are found to directly depend on disposable income and the cost of 
food, changes in adult height are thought of, more generally, as being 
physical returns to beneficial psycho-social environments (Steckel, 1995, 
2009). That is, a child’s exposure to conditions that are less than optimal might 
impact its capacity to realize his or her height potential (Eveleth and Tanner, 
1976). Some studies estimate that approximately 20 percent of variation in 
human height is due to ‘beneficial environmental’ factors (Silventoinen, 
Kaprio, Lahelma, & Koskenvuo, 2000; Stunkard, Foch, & Hrubec, 1986). 
However, we know relatively little about the potential pathways for such 
effects. 
 
If social environment can be beneficial from an anthropometric standpoint, 
one can hypothesize that socio-political and economic shocks such as the 
meltdown of the Soviet bloc affected both the barriers to access to nutrition 
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and more deeply, the institutional setting constraining individuals’ lives1. 
More specifically, institutional triggers (e.g., social norms, restrictions on 
freedom, etc.) might take a central stage (Sunder, 2003) in human 
anthropometry. A country’s liberal democratization can potentially reshape 
the institutional framework (e.g., minority inclusiveness, perceptions of safety 
and rule of law, welfare programs etc) within which families manage their 
lives (North, 1991), which in turn can exert an influence in children. 
Institutional reforms such as a transition to a market economy engender 
substantive changes (Collins and Rodrik, 1991), and may lead to social 
changes including the stimulation of risk taking and the alteration of attitudes 
towards work all potentially exerting an influence on environmental health 
effects and ultimately enhancing an influence on wellbeing in the long run 
(Costa-Font & Gil, 2008). More specifically, following the “fit through 
democracy” (Sen, 1999) hypothesis, democracy may lead to the inception of 
institutions that make children and adolescents’ existence safer and healthier, 
and thus are expected to be positively associated with height. Consistently, 
adverse socio-economic developments in society may result either in 
stagnation or, deterioration in human stature. However, it is important to 
note that such negative developments can also occur in democratic regimes 
(Komlos & Baur, 2004). The latter calls for empirical evidence to help to 
disentangle whether and when economic and political liberalization, exerts an 
effect on human heights.  
 
Methodologically, the empirical identification of institutional changes in 
human heights can be controversial, hence the importance of “natural 
experiments” such as experiences of democratization that can be regarded as 
exogenous shocks to the majority of the population from which to learn more                                                         1 For instance, Akresh et al (2012) find that ethnicity specific cohorts exposed to the Nigerian civil war 1967 exhibited lower stature. 
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about the effects on heights. Among these experiments belong the processes 
of German reunification (Heineck, 2006; Hiermeyer, 2008; Komlos & Baur, 
2004, Komlos & Kriwy, 2003). West Germans were found to be taller than East 
Germans (approx. 1cm) and, importantly, such a gap appears to have 
widened only after the Berlin Wall was built (Komlos & Snowdon, 2005) 
which can be traced back to the standards of living of both children and youth 
in the West (Hiermeyer, 2008; Komlos & Snowdon, 2005). Conversely, since 
unification there has been convergence in heights between East and West 
German males but, paradoxically not among females (Komlos & Kriwy, 2003).  
The latter is still a question to be better understood. 
 
In contrast to the German unification example, the case of Czechoslovakia 
stands out as a unique institutional experiment whereby the processes of 
economic liberalization and the inception of a liberal democracy followed the 
set up of two independent states that followed different economic 
development institutional and policy priorities. The combination of economic 
and political liberalization on the one hand, and the secession of Slovakia on 
the other, is regarded as a “double bang”,  namely a rare case in history where 
two large liberalization forces coincided (Bookman, 1992).  However, whilst 
the effect of political and economic transition is expected to exert an 
expansion in heights, it is unclear whether the same applies to secession. 
Secession would be expected to reshape each country’s institutions so that 
they tailor their own specific pathways, accommodate minorities, reduce 
conflict and hence improve institutional quality (Bolton et al, 1996, Wittman, 
1991, Friedman, 1977). Yet, whether the latter is indeed the case is an 
empirical question. Contentious issues include the following: 
 
First, the benefits from transition to a liberal democratic society as well as 
separation of Czechoslovakia are likely to come with a lag, in part because the 
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effect is intermediated by other reforms (e.g. the development of social 
protection, implementation of liberalization reforms etc). For instance, prior 
evidence reveals that during the time of transition, a deterioration in living 
standards occurred in Eastern Europe before any visible improvements took 
place (Adeyi, Chellaraj, Goldstein, Preker, & Ringold, 1997; Garner & Terrell, 
1998; Milanovic, 1998; Stillman, 2006; Svejnar, 2002).  Height is increasingly 
used to assess the overall well-being in a country as it is considered to be the 
“mirror of the society” (Tanner, 1986). It has been used to assess the impact of 
political regime change in several countries, including East and West 
Germany or Spain. 
 
Second, most of the existing literature combined the effects of 
democratization and secession together, which leads us to the problem of 
correctly identifying the effect of the break up from that of democratization. 
The Czechoslovakian case allows us to identify the trajectories before and 
after the break up. Just like the literature on secession, the evidence on the 
democratic transition and its effects is even more extensive, covering all areas 
from economic welfare to institutional changes (Hausner, Jessop, & Nielsen, 
1995; Inglot, 2008, 2009; Kostecki, Zukrowska, & Goralczyk, 2000; Milanovic, 
1998; Whitefield, 1993; Winiecki & Kondratowicz, 1993) to health effects 
(Bobak & Feachem, 1992; Cornia & Paniccià, 2000; Ginter, Simko, & Wsolova, 
2009; Lawson & Nemec, 2003; Stillman, 2006). Broadly speaking, the evidence 
points to the difficult transition years with Czech Republic having performed 
better than Slovakia on a range of aspects. An inescapable issue lies in 
distinguishing the effects of economic liberalization which encompass 
reforms that improve access to food and new technologies from the 
introduction of democratic decision-making systems (Tavares & Wacziarg, 
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2001).2 Prior to the transition, poor nutrition was a problem due to seasonal 
unavailability of certain foods and the opening of the boarders enabled easier 
access to fruits and vegetable consumption (McKee, 2004). Difference by 
income quintiles would be expected to contain some information that allows 
us to ascertain whether one effect over the other prevailed. Eveleth and 
Tanner (1976) in their summary of growth studies suggest “if a particular 
stimulus is lacking at a time when it is essential for the child…the child’s 
development may be shunted…” (Eveleth & Tanner, 1976, p.222). However, 
there is evidence that for deprivation to have an effect on adult height, it has 
to be severe and long-term during key periods of growth as after short 
nutritional shocks normal height is usually restored (Steckel, 2009). 
 
Finally, the effect of the break up is even more complex insofar as both 
Slovakia and the Czech Republic lost some scale and gained some 
homogeneity to overcome the complexities of public decision making in 
multinational environments (Alesina and Spolaore, 1997, 2003). However, 
given that transition implied a whole institutional build-up (Milanovic, 1998), 
the costs of break up at that transition point might have been mitigated. 
Hence, the direction of the effect is empirically contested. This paper attempts 
to shed some light on this question which has not received attention in the 
literature3.  
 
This paper empirically examines the variation in heights across time to 
examine the potential ‘height effect’ effect of political and economic 
liberalization (the transition from communism to a liberal democracy and                                                         2 Indeed, while political liberalization is assumed to involve those individuals who uphold democratic values in collective decision-making, economic liberalization refers solely to the areas of economic activity and commerce. 3 The literature comparing Czech Republic and Slovakia post-secession focuses mainly on the degree of similarity or difference in the political context and economy (Bartosova & Zelinsky, 2013; Meszaros, 1999) as well as wellbeing (Potucek & Radicova, 1997).  
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further country break up of Czechoslovakia4) on human heights. More 
specifically, we are interested in understanding how institutional reforms 
have reflected in the expansion of overall standard of living measured by 
changes in heights, and how individual and political wellbeing fared in the 
institutions from Slovakia and the Czech Republic after secession. Given the 
nature of elitism democracy in Easter Europe (Przeworski, 1991), the rise of 
income inequalities and the reduction on gender inequality after 1989 (Heyns, 
2005), we examine stature changes across age groups as well as by gender and 
income groups. The latter is expected to help to further identify who were the 
winners of the transition to a liberal democracy and market economy, as well 
quantify the magnitude of gender and social inequalities. The latter is a 
question that we believe can contribute to testing some of the contentious 
hypotheses of the effect of democracy and secession on wellbeing (Nobles, 
Brown, & Catalano, 2010).  
 
The next section contains the background on the specific case study. Section 
three reports the data and methods. Section four contains the results, section 
five the robustness checks and a final discussion section concludes the paper. 
 
 
Institutional Setting 
 
Liberalization and Reform 
 
After the II World War, in 1948 Czechoslovakia fell under the Soviet 
influence. The latter implied a ban on civil and political liberties alongside                                                         4 For simplicity purposes, in the remaining of the chapter we will be using the term “democracy” even though we are referring more broadly to political and economic liberalization. 
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media censorship and economic dirigisme with the implementation of 
production plans and quotas. To enforce such an institutional setting, 
penalties included forced labor camps and possibly execution for extreme 
cases  (Janik, 2010). The regime lasted forty years until 1989 with only a small 
spell of the Prague spring5 when reform was attempted. Although initially 
the steps taken in the two federations of Czechoslovakia were similar, in 1992 
a peaceful secession process was designed by the two main community 
leaders to create two separate countries in 1993.  The events of 1989 and 1992 
can be regarded as a “double bang”,  a rare case in history where two large 
forces coincided (Bookman, 1992). It was first a transition from a centrally 
planned to a market economy and then the secession of Slovakia that 
happened virtually simultaneously. Some even suggest that it was a “triple 
transition”: democratization, marketization, and a national transformation 
(Leff, 1996).  
 
After secession the form and speed of the democratization and liberalization 
reforms gradually began to differ. Czech Republic initially implemented 
aggressive economic reforms in combination with socio-economic 
entitlements and democracy. In contrast, in Slovakia the first years after the 
break-up were characterized by a continuation of authoritarian rule which 
left the country economically and politically isolated (Inglot, 2009; Meszaros, 
1999). Slovakia was severely disadvantaged throughout the 1990s in terms of 
policy leadership and necessary social expertise, coupled with rapid 
institutional changes departing from those of Czechoslovakia’s past and in 
search of its new social welfare model (Inglot, 2009; Potucek & Radicova, 
1997). Nonetheless, by 1998 the rapid progress in Czech Republic slowed                                                         5 In 1968 the “Prague Spring” marked a short-lived period of liberalization and democratization 
with reforms but quickly ended with the Warsaw Pact troops’ invasion; any attempts for reforms were crushed and oppression under Soviet Communism continued for the next 20 years (Janik 2010). 
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down and the reverse happened in Slovakia; it appeared that the Czech 
Republic was ready to join the EU while Slovakia’s chances appeared 
meagre. The period between 1989 and 2004 is characterized by some as the 
‘transformation shock’ (Inglot, 2009). However, both countries reached an 
externally required level of political and economic transition and joined the 
European Union in 2004.  
 
Centre Periphery Relations and Break Up 
 
The degree of decentralization in Czechoslovakia before the break up was 
limited (Bookman, 1992). Although it became a federation in 1969 with 
economic jurisdiction, as well as social policies shared between the regions 
and the center, in 1971 a new re-centralization process emerged and 
continued until 1990 when regional decentralization was enacted just before 
the break up in 1992. Some argue that the break up was primarily motivated 
by economic factors (Bookman, 1992; Pavlínek, 1995), while others consider 
history, political culture or ethnic nationalism (Innes, 2001; Kirschbaum, 1993; 
Olson, 1993) to be the important factors. 
 
Already during the communist period, Czech Republic and Slovakia differed 
in their level of economic and social development. Life expectancy and 
mortality rate suggest that, despite both countries exhibiting improvements, 
Czechs continue to outperform the Slovaks even after the transition (Ginter, 
et al., 2009). The same is suggested by the Human Development Index (HDI) 
which also includes income and education in addition to life expectancy, and 
ranks Slovakia closely behind the Czech Republic (United Nations 
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Development Programme).6 Overall, evidence suggests that the Czech 
Republic has been performing better during communism and has continued 
to outperform Slovakia in many wellbeing indicators. However, the initial 
years after the transition in both countries were painful and reflected in a 
decline of overall welfare (Cox & Mason, 1999; Milanovic, 1998)7. 
 
 
Data and Empirical Strategy 
 
Data and variables 
 
This study uses the data from the 2003 World Health Survey (WHS) which is 
the baseline household survey for health status of populations and outcomes 
related to investments and functioning of health systems. The survey 
identified all adult population over age 18 years old as the sample and 
employed a probability sampling design where every single person had a 
known non-zero chance of being selected into the survey sample; either with 
single or multi-stage random cluster sampling. Individual probability 
sampling weights were applied to adjust for the probability of selection into 
the sample (World Health Organization, 2003). According to the WHS 
individual country reports provided by the WHO, the number of interviewed                                                         6 Indicators such as avoidable mortality that attempt to capture the changes in the quality and performance of the health care system suggest that before 1989 Czech Republic was doing better than Slovakia, but since the transition and independence, both countries’ performance has improved; in a number of areas Slovakia has exceeded Czech Republic (Kossarova et al, 2012). 7 Change in inequality between 1987-1988 and 1993-95 measured by the GINI coefficient showed that inequality increased in the Czech Republic but did not change in Slovakia. The shape of the change also differed: in Slovakia no income quintile gained or lost more than 1 percentage point; in the Czech Republic, the loss of 1-2 percentage points was concentrated in the bottom three quintiles, the fourth quintile experiencing a very small loss and the top quintile was the one benefiting. However, it has to be noted that given the overall income decline in both countries, the losers were losing more severely and the winners were not necessarily gaining in real income. 
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households was 935 (total 3913 - 24% of selected households) in the Czech 
Republic and 1811 (total of 2539 - 71% of selected households) in Slovakia; the 
number of interviewed individuals was 935 (total selected 949 – 99% of 
selected individuals) and 2461 (total selected 2471 – 99% of selected 
individuals), respectively. The household level figures for Czech Republic 
suggest that there may have been an important selection bias and therefore 
the sample may not correctly represent the Czech population. In particular, 
non-response bias may be the key concern where those who participated 
(potentially the healthier population) are different from non-participants 
(Delgado-Rodríguez & Llorca, 2004).   
 
However, according to the official WHS country report of the Czech Republic, 
prepared by the Institute of Health Information and Statistics of the Czech 
Republic (Institute of Health Information and Statistics of the Czech Republic, 
2004), the sample is representative of the population. The findings of the 
report were confirmed by the Director of the Institute through personal 
correspondence (Ing. Jiri Holub, March 14, 2014). According to this report, 
1918 individuals were finally eligible and contacted, and responses were 
obtained from 935, resulting in a response rate of 55.1% (excluding 
individuals who could not be contacted for objective reasons), which is higher 
than the response rate in the report provided by the WHO. The same report 
states that while the structure of the respondents differs in some 
characteristics from the structure of the adult Czech population, it confirms 
previous findings and none of the important population groups were 
significantly under or overestimated. The following differences were 
identified when compared to the overall Czech population. With respect to 
sex, there were somewhat more women and less men in the sample than the 
overall population (55.2% compared to 52% and 44.8% compared to 48%, 
respectively); with respect to age, women and men younger than 30 and men 
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between 40-49 were somewhat underrepresented, while men over the age of 
70 were somewhat overrepresented. Similarly, the report compares the WHS 
sample to the overall population for regional representation, ethnicity, family 
status, education, economic activity and employment, household composition 
and finds that the sample is broadly similar to the overall population. 
Perhaps, the most important finding is that the lowest participation in the 
survey is by the least educated who may be suffering from worse health.  
 
Furthermore, the report identifies the proportions of individuals out of the 
total of 1918 individuals who did not respond to the survey and the 
underlying reasons: the individual or the household was unwilling to 
participate (26.5%); the individual was not at home (13.2%); the individual 
was unsuitable (1.2%); the individual did not live at the address (6.2%); the 
individual could not be contacted (1%); the individual died (1.4%); and 
individuals were not contacted at all (1.8%). In addition, an analysis of 
homogeneity between the responders and the non-responders was carried 
out. More women, less men, more older people and citizens of smaller towns 
responded to the survey. While these differences can be adjusted for by using 
sampling weights, it remains difficult to adjust for other non-observable 
differences between respondents and non-respondents. For example, the 
healthiest or the least healthy may have been those who did not participate 
(Institute of Health Information and Statistics of the Czech Republic, 2004). In 
addition, the report notes that the complexity of the survey in terms of topics 
covered and time required to complete it, as well as implementation issues 
are potentially other relevant reasons for a 26.5% of those unwilling to 
participate.  
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Therefore, the actual sample used in this study (after accounting for missing 
observations for height) contains 1806 Slovak and 920 Czech individuals. 
Distribution by age groups can be seen in Figure 1. 
 
 
Figure 1. Distribution of the population by age categories 
  
The survey includes information on self-reported height of the individuals as 
well as information on other important variables that are controlled for 
including education, income, rural or urban location, employment and others. 
The control variables are based on the conceptual framework of determinants 
of height defined by Steckel (1995).  Table 1 below summarizes the descriptive 
statistics for all the variables used in the analysis.  
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Table 1. Variable description 
 
 
Predicted permanent income (income) is used as a proxy for wealth or socio-
economic development (Filmer & Pritchett, 1999; Komlos & Baur, 2004; 
Persico, et al., 2004) as the dataset did not contain other suitable income 
variable.  A variable of income was created using factor analysis from a series 
of questions on the ownership of particular household objects (e.g. number of 
cars, TVs, rooms, ownership of phone, video camera, computer, access to 
internet etc.). Polychoric correlation was first carried out as the variables are 
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constructed as counts or dummies followed by factor analysis to reduce the 
several correlated variables into one variable. The key steps in factor analysis 
are choosing the relevant variables and determining the number of factors. 
The ownership of the following variables were used as these are expected to 
better predict income: car, television, bike, video player, stereo, DVD player, 
washing machine, dishwasher, vacuum cleaner, fridge, cell phone, computer 
and internet. Several other variables were excluded due to high uniqueness 
values or because there was very little variation. The predicted income 
variable was then standardized and converted into three income thirds 
(poorest third, middle third and rich third). Given that nutrition is a function 
of income, a positive association between height and income is expected; 
however, it should also be noted that the height-income relationship is not 
stable in the face of epidemiological conditions; at a given income, 
improvements in public health, personal life style and childcare practices, the 
prevalence of disease may be reduced and physical growth enhanced 
(Peracchi, 2008; Steckel, 2009). Furthermore, the literature suggests that there 
are diminishing returns to nutrient intake suggesting that the height of the 
rich is expected to increase by less than is the decline in the height of the poor; 
this results in a net negative effect where holding income constant, increased 
inequalities imply that average height diminishes (Komlos, 2009).  Therefore, 
it can be expected that the richest individuals benefited less from the 
transition than the poorest group.  
 
Education (educ) is used as a proxy of individual abilities and a predictor of an 
individual’s efficiency in health production (Costa-Font & Gil, 2008; D.S. 
Kenkel, 1991). It is presented in four categories from those with less than 
primary education completed all the way to those with a post-graduate 
degree completed. In addition, we control for urban and rural differences in 
height as those in urban areas are more likely to have easy access to resources 
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(Costa-Font & Gil, 2008). The variable job captures the employment category 
of the individual which was aggregated into two major groups: employed 
and unemployed. A dummy variable was included to capture the country 
effect (co) – Slovakia and Czech Republic. Six age categories represent the 
effect of the different birth cohorts, where the 1974-1985 birth cohort was 
selected as the reference category. Finally, the variable language is a proxy 
variable for ethnicity. The variable cannot be interpreted as it stands given the 
large number of missing values which may not be missing randomly but 
instead may be capturing individuals belonging to one of the important 
ethnic minorities in Czech Republic and Slovakia (e.g. Roma, Hungarians). 
However, it was still considered important to be controlled for and was 
included as a dummy variable with the value of 1 if a language was reported 
by the individual and zero for all the missing values.  
 
The key dependent variables are represented by the number of years a person 
has lived under democracy (damage) and independence (indage) before they 
reach 20 years of age.  For democracy (1989), these are individuals aged 18 to 
33 year in year 2003 (birth cohorts 1970 - 1985) who lived their first 20 years 
between 14 to 1 year under democracy (4 to 19 years under communism). All 
the older individuals lived all the years before they reach 20 years of age 
under communism. Similarly for independence (1993), individuals aged 18 to 
30 in year 2003 (birth cohorts 1973-1985) lived their first 20 years between 11 
to 1 year as part of an independent country (or 7 to 19 years as part of 
Czechoslovakia). These variables were first included as dummy variables 
with a value of 0 for those who were raised zero years under democracy 
(demd) independent (indd) country and 1 otherwise. The purpose is to see 
whether being raised for any number of years under a democracy/ 
independence as opposed to none matters or whether it is rather the 
increasing number of years that has an impact.  
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Furthermore, the “quality” of the democratic years is also controlled for when 
an adjusted democracy variable is included to see whether the results are 
consistent. The type of democracy the two countries had immediately after 
the change of the regime versus several years later may change depending on 
the political situation and reforms implemented. Therefore the Polity IV8 
institutionalized democracy variable (dempolity) was used to adjust for the 
“quality” of the democratic years after 1993 for independent Slovakia and 
Czech Republic. In other words, whether someone was a child during the 
1993-1997 democratic years may not be the same as growing up under the 
2000-2003 democratic years and later. Under the Polity IV project, 
institutionalized democracy consists of three key elements: i) presence of 
institutions and procedures through which citizens can express effective 
preferences about alternative policies and leader; ii) the existence of 
institutionalized constraints on the exercise of power by the executive; iii) the 
guarantee of civil liberties to all citizens in their daily lives and in acts of 
political participation. Other aspects of plural democracy, such as the rule of 
law, systems of checks and balances, freedom of the press, and so on are 
means to, or specific manifestations of, these general principles (Center for 
Systemic Peace). The “Polity Score” ranges from -10 (hereditary monarchy) to 
10 (consolidated democracy) in any given year and was used to weigh the 
years spent under democracy. Both for Slovakia and the Czech Republic the 
scores were positive (7 and above) for the entire period under study so the 
weights used were between 0.7 and 1. These weighted years were then added 
up to obtain an adjusted democracy variable. For both types of democracy 
variables and independence variable a positive association with height was 
expected. However, as the independence and democracy variables are likely                                                         8 The goal of the Polity IV project is to code the authority characteristics of states in the world system for purposes of comparative, quantitative analysis. It has become the most widely used resource for monitoring regime change and studying the effects of regime authority (Center for Systemic Peace).  
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to be confounded and the changes the occurred as a result of one or the other 
transition cannot be appropriately controlled for, these are included in 
separate regressions.  
 
Finally, the following interaction terms are also included: two-way interaction 
variables between country and years under democracy/independence, income 
and years under democracy/independence, income and country, as well as a 
three-way interaction between income terciles, years under 
democracy/independence. The goal is to see whether the effect of democracy 
was country or income group dependent, especially given the fact the Czech 
Republic was initially performing significantly better on many grounds than 
Slovakia. As the direct interpretation of three-way interactions is complicated, 
where the term is significant, additional visual analysis is carried out. This 
was done by graphing the slopes of height by one of the continuous variables, 
while allowing for the other two categorical variables to differ. Then the 
slopes were calculated followed by a test of differences in slopes (Institute of 
Research and Digital Education, 2013).   
Methods  
A classical ordinary least squares (OLS) regression model is applied to 
identify the effect of democracy and independence on the mean height of the 
population, as well as the other control variables on height.  The model for the 
effect of democracy is as follows:  
 
H = f (democracy, gender, country, age, education, job, income, language) 
 
Alternatively, for independence it is: 
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H = f (independence, gender, country, age, education, job, income, language) 
 
More specifically, the models can be expressed as: 
 
 iiiiii jobeducagegenddemocracyHeight 543210 EEEEEE    (1)
  iiii languagecoincome HEEE  876  
 
Or  
 
 iiiiii jobeducagegendceindependenHeight 543210 EEEEEE    (2)
  iiii languagecoincome HEEE  876  
 
for observations i = 1…n, where democracy and independence are either a 
continuous variable (demage or indage) or a dummy variable (demd or indd) as 
described above; itH  is the unobserved random error which captures random 
factors that may affect height.   
 
 
Results 
 
A height difference can be observed between males and females as well as 
between the Slovak and the Czech population by age cohorts (Figure 2).  
There is an increasing height trend across the age cohorts, where older 
generations are shorter than the younger ones. The largest difference between 
the two countries for males appears to be for those aged 60-69 (born between 
1934-1943) and then again for ages 30-39 (born 1964-1973); for females it is 
ages 79-98 (born between 1905-1933) and ages 40-49 (born between 1954-
Joan Costa-i-Font and Lucia Kossarova 
   19 
1963). Overall, the difference over age cohorts appears to be more important 
than the difference between the two countries.  
 
Figure 2. Height by age cohorts, gender and country in 2003 
 
 
 
Table 2. Mean height by gender and country, 2003 
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The average height figures by age groups, gender and country used in Figure 
2 are presented in Table 2.  The range for Slovak males between the oldest and 
the youngest age groups is as much as 8.79cm, followed by Czech males 
(8.41cm), Slovak females (6.99cm) and Czech females (5.97cm).  
 
The average height also differs across the income terciles within and across 
countries (Table 3 and Figure 3). The average height of the Slovak females in 
the lowest tercile is only 164.6cm, increasing to 166.1cm in the mid and top 
terciles. Slovak males’ height gradually increases across tercile from 176.8cm 
to 178.6cm and 180.3cm respectively.  Czech females are 164.4cm in the lowest 
tercile, 164.8cm in the mid and increases to 167.1cm in the top group. Finally, 
the poorest Czech males are 175.3cm, increasing to 177cm and 180.2cm in the 
mid and highest income terciles respectively.  
 
Table 3. Average height by terciles, gender and country 
 
 
Figure 3 plots the height difference across terciles by age cohorts where it can 
be seen that regardless of the income tercile, height increases from the oldest 
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to the youngest generations. The graphs also suggest some variation in the 
mean height for males and females across the age cohorts and income terciles, 
with the richest Czechs being the tallest across cohorts.  
 
Figure 3. Height by income tercile, age group, gender and country, 2003. Poorest 
(q1), middle (q2), top (q3)  
  
 
First the results where the key independent variable democracy is included in 
the analysis as a dummy variable (=1 for those who spent at least 1 year 
growing up under democracy and zero otherwise) are presented (Table 4).  It 
can be seen that the sign and the significance of the variable changes 
depending on the model specification but is only positively significant in 
Models 3 and 7, similarly to the country effect.  However, there is a significant 
income, gender and age cohort effect in all the models. As expected, the 
results show that males are taller than females, older generations are shorter 
relative to the youngest generation and income has a positive effect on height. 
The cohort effects show that anyone born before 1973 is significantly shorter 
than the youngest cohort born between 1974 and 1985 that we used as the 
reference category.  When income was studied in income terciles (Model 6), 
height of the respondents in the poorest tercile and mid tercile is 1.97cm and 
2.23cm less than the height of the richest tercile. Next, a range of different 
interactions were included (Model 3-7). In Model 3 the interaction between 
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country and democracy was studied and results show that for Slovaks, height 
for those who were raised under democracy as opposed to communism is 
1.504cm more; for Czechs, on the other hand, the height of those raised under 
democracy is 0.4cm less that for those raised under communism.   
 
In Model 4 the significant interaction between income and democracy was 
studied which shows that with a unit increase in income, height increases by 
1.2cm for those under communism and only by 0.6 for those growing up 
under democracy; or that height is 0.3cm more for those growing up under 
democracy as opposed to communism when income equals zero and this 
difference decreases by 0.6 for each additional unit of income. These results 
suggest that while for a given income height is more under democracy then 
communism, higher income benefits an individual more under communism.  
In Model 5 the interaction between income and country was studied and there 
was no significant effect.  Finally, in Model 7 all the controls are included 
together and there is positive significant effect of democracy and country 
(Czechs), as well as gender, language, education and age cohorts, while the 
three-way interaction term is not significant. Increase in the years of 
education is associated with a significant increase in height when compared 
to the reference group of people with primary and less years of schooling. The 
log-likelihood ratio test comparing the restricted models to the less restricted 
models showed that adding interactions as well as controlling for education 
and employment resulted in a statistically significant improvement in the 
model fit compared to a model where only income is controlled for.  
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Table 4. OLS regressions of years lived under democracy as a dummy variable on 
height with different controls 
 
 
The complete sets of regressions where democracy is included as a 
continuous variable are summarized in Table 5.  The results show that with 
an additional year spent under democracy while growing up there is a small 
significant positive association with height, contrary to the findings above 
where democracy was included as a dummy variable. The effect of the other 
Anthropometric Dividends of Czechoslovakia’s Break Up  
   24 
variables (education, gender, income) is still significant in the same direction 
even though the size of the coefficients differs somewhat. However, age 
cohort is only significantly negatively associated with the height of the 
youngest age cohort for individuals born before 1953.  In other words, there is 
no significant difference in height between the three youngest cohorts, all of 
which grew up predominantly under communism. Again, the country effect 
is not consistently significant across the models and Model 6 shows that there 
is a significant effect by income terciles where the bottom and middle tercile 
are shorter than the top tercile. Also, there is a significant effect of job where 
those employed are significantly taller than the unemployed, and a significant 
education effect.  Interactions are again included in models 3, 4 and 5 and 
only the interaction between country and democracy is significant (Model 3). 
Now democracy is a continuous variable so the interpretation is slightly 
different from before. With an additional year spent under democracy while 
growing up, height increases by 0.286cm for Slovaks and 0.148cm for Czechs. 
In other words, height is 1.141cm more for Czechs than Slovaks if a person 
spent zero years under democracy and this difference in height becomes 
smaller for each additional year under democracy (1.141-0.138*demage).  
Similarly as before, results indicate that democracy seems to be benefiting the 
Slovaks more than the Czechs. In Model 7 the three-way interaction is 
significant and the model is also preferred to the model with income only, 
based on the results of the likelihood ratio test.  
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Table 5. OLS regressions of years lived under democracy as a continuous variable 
on height with different controls 
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When the regression is decomposed by sex, the effects are quite different for 
men and women (Table 6 and 7).  The interaction terms were excluded for the 
purpose of simplicity.  For males, years under democracy is significantly 
associated with a height increase in all the models. The country effect shows 
that the Czech males are shorter than Slovak males. A large positive 
significant income effect both as a continuous variable and when included in 
income terciles can be noted, and there is significant positive education effect 
as years of completed education increase.  However, the results for the birth 
cohorts show an important difference where actually the birth cohorts 1954-
1963 and 1964-1973 are significantly taller than the youngest birth cohort 
1974-1985; the oldest birth cohort is significantly shorter than the youngest 
birth cohort. In other words, there appears to be height gain between the 
youngest age cohort growing up under democracy and the previous 
generation.  
 
For women (Table 7), years spent under democracy while growing up is not 
significantly associated with a height increase in any of the regressions, while 
again there is a significant country effect; however, it is the Czech women 
who are taller than the Slovak women. Education also has a significant effect 
on height but whether or not women are employed does not seem to affect 
height. Here income is not significantly associated with an increase in height 
and when included in income terciles, it is only the middle tercile that is 
significantly shorter than the top tercile. All the cohorts of women born before 
1953 are significantly shorter than the youngest cohort but there is no 
significant difference between the youngest cohort and the next two older 
cohorts. So to summarise the gender specific results, it is democracy, income 
and job that matters for men while for women there is no income or 
democracy effect, but a strong country effect. 
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Table 6. OLS regressions of years lived under democracy on height with different 
controls – male 
 
 
Finally, the complete sets of regressions where democracy is included as a 
continuous variable adjusted with the Polity IV score.  The results are very 
similar to those presented earlier without the adjustment. The significance of 
the coefficients does not change, only somewhat the magnitude depending on 
the Model.  
 
 (1) (2) (3) (4) 
VARIABLES Eq.1 Eq.2 Eq.3 Eq.4 
     
Demage 0.428*** 0.317** 0.301** 0.273** 
 (0.125) (0.127) (0.127) (0.134) 
Co -1.538*** -1.729*** -1.592*** -0.785 
 (0.539) (0.537) (0.531) (0.542) 
Income  1.968***  1.742*** 
  (0.251)  (0.251) 
Geog    0.632 
    (0.597) 
Language    6.520 
    (7.379) 
age30_39 3.473** 3.238** 3.039** 2.253* 
 (1.350) (1.365) (1.354) (1.356) 
age40_49 3.876*** 2.989** 2.727* 2.584* 
 (1.501) (1.518) (1.504) (1.531) 
age50_59 -1.816 -2.268 -2.452 -2.788* 
 (1.538) (1.552) (1.550) (1.584) 
age60_69 -1.386 -1.384 -1.833 -1.485 
 (1.637) (1.653) (1.644) (1.754) 
age70_98 -4.168*** -3.565** -3.895** -3.087* 
 (1.520) (1.535) (1.525) (1.682) 
educ2    2.277*** 
    (0.753) 
educ3    1.383* 
    (0.720) 
educ4    2.559*** 
    (0.905) 
job1    1.109* 
    (0.573) 
qincome1   -4.743***  
   (0.553)  
qincome2   -3.716***  
   (0.510)  
Constant 177.7*** 177.8*** 181.3*** 168.1*** 
 (1.446) (1.475) (1.513) (7.592) 
     
Observations 1,025 976 976 967 
R-squared 0.222 0.266 0.284 0.261 !
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Table 7. OLS regressions of years lived under democracy on height with different 
controls – female 
 
 
The complete sets of regressions that look at the effect of years lived under 
independence are summarized in Table 8.  The independence dummy (zero as 
opposed to at least 1 year spent in an independent country) does not have a 
significant effect on height in any of the models. A significant positive country 
effect can be observed only in Models 3 and 7. Similarly to years spend under 
democracy, the results show that all the generations born before 1973 are 
significantly shorter than the youngest generation. With increased education, 
there is a significant positive effect on height, while job is not significant. 
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There is a positive overall income effect on height (Model 2-5), as well as by 
income terciles where those in the bottom and mid terciles are significantly 
shorter than people in the top tercile. Only the interaction term between years 
under independence and country is significant (Model 3) and the three-way 
interaction between country, independence and income (Model 7). The 
interaction in Model 3 suggests that for Slovaks, height for those who were 
raised in independent Slovakia as opposed to Czechoslovakia is 0.8cm more; 
for Czechs, on the contrary, the height of those raised in independent Czech 
Republic is 1cm less that for those raised in Czechoslovakia. Another way of 
interpreting this interaction is to say that being raised in Czechoslovakia, 
height of Czechs was 1.23cm more than the height of Slovaks; for those who 
grew up in independent countries, height of the Czechs was 0.5cm less than 
the height of Slovaks. So again, as with democracy, the Czechs seem to have 
lost out more from independence than Slovaks. The significant interaction 
term between country, independence and income suggests that the slopes of 
height on income are not the same across countries and years under 
independence.    
These results resemble the results for democracy. The interaction between 
independence and country in Model 3 shows that with an additional year 
spent in independent countries while growing up, height increases by 0.4cm 
for Slovaks and 0.2cm for Czechs. In other words, height is 1cm more for 
Czechs than Slovaks if a person spent zero years under independence and this 
difference in height becomes smaller by 0.153 for each additional year under 
independence (1-0.153*indage). In Model 7 the three-way interaction is 
significant and the model is also preferred to the model with income only, 
based on the results of the likelihood ratio test.  
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Table 8. OLS regressions of years lived under independence as a dummy variable 
on height with different controls  
 
Results where independence is included as a continuous variable were 
examined too and provide similar results.  Again it can be seen that with an 
additional year spent in independent Slovakia or Czech Republic while 
growing up there is a significant positive effect on height, contrary to the 
earlier findings where independence was included as a dummy variable.  
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When the regression is decomposed by sex, similarly to the case of 
democracy, the effects were quite different for men and women. For males, 
years under independence is found to significantly be associated with a 
height increase in all the models. The country effect shows that the Czech 
males are significantly shorter than Slovak males. In contrast, for women, 
years spent under independence is not significantly associated with a height 
increase in any of the models while a significant positive country effect with 
Czech women being taller than Slovak women in all models can be observed. 
There is again a significant education effect while job is not significant for 
females. Income is not significantly associated with height only when it is 
included as income terciles where the women in the middle tercile are 
significantly shorter than the top tercile. The effect of the birth cohort is the 
same as in the aggregate model where all the cohorts are significantly shorter 
than the youngest cohort. 
 
Robustness checks 
 
Two main robustness checks are carried out. First, a reduced sample 
excluding individuals who are over the age of 50 was analyzed as at older 
ages people’s height begins to shrink. As a result the coefficients obtained 
may have been overestimated. The older individuals are also those who grew 
up their entire childhood and youth under communism. This double effect 
may have been biasing the results. The results show that with every 
additional year growing up under democracy there is a small associated 
height increase, even when the older tail of the sample is excluded. With 
every additional year growing up under democracy, there is between a 0.17 
and 0.37cm height increase. As expected, the coefficients are somewhat lower 
in this analysis.  Furthermore confirming our earlier results, while there is a 
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small height increase with every additional year spent under democracy, 
there is no significant height difference between the youngest age cohort and 
the two oldest cohorts. The significance of all the other results is consistent 
with the main results and the magnitude is only slightly different.   
Data from the 2005 Eurobarometer survey (Eurobarometer 64.3: Foreign 
Languages, Biotechnology, Organized Crime, and Health Items, November - 
December, 2005) was used to see whether the results show largely similar 
effects. The Eurobarometer (EB) survey is a series of cross-national and cross-
temporal comparative social science research that started in the early 
seventies. Representative national samples are interviewed in the European 
Union member states twice a year. The goal of the EB is to provide data for 
monitoring of public social and political attitudes in the European Union9 
(Economic and Social Data Service, 2005).  This round of the EB survey asked 
respondents on foreign languages, biotechnology, organised crime and 
corruption, health consciousness, smoking, AIDS prevention, medical errors, 
and consumer rights. For the purpose of the analysis, the relevant data came 
from the demographic and other background information section, including 
the respondents’ self-reported height, age, gender, occupation and 
urban/rural residence. The variables included are similar to the variables used 
in the analysis; however there was no data that would allow for a better proxy 
of income or wealth of the individuals. As a result, only the results from the 
basic model (Model 1) will be compared. Below the main results are 
summarized.   
 
 
                                                         9 For more information see the Leibniz Institute for the Social Sciences, Data Archive for the Social Sciences (GESIS) Eurobarometer Survey Series web pages.  
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Table 9. OLS regressions of years lived under democracy as a continuous variable 
on height with different controls – individuals aged 50 and less 
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In the model where democracy is included as a dummy variable again no 
significant relationship was identified. In this model gender has a strong 
significant relationship just like with the WHS data. Contrary to the WHS 
results, there is a positive significant relationship for country in all the 
models, suggesting that the Czechs are taller than the Slovaks.  When 
democracy is included as a continuous variable, there is again a positive 
significant association with height for every additional year lived under 
democracy. Confirming the main results, the age cohort effect is again only 
significant for the older generations starting for individuals born before 1955. 
Results were different in the analysis by gender where a significant height 
increase can be observed for women rather than men. When independence is 
examined, results follow the same pattern as for democracy with respect to 
the WHS results.  Overall, the minor difference, especially the gender and the 
country effect, is likely to be explained by the difference in samples resulting 
from a different sampling method used by the EB survey where either multi-
stage national probability samples or national stratified quota samples are 
implemented, as opposed to stratified random sampling in the WHS.    
 
 
Discussion and conclusion 
 
This paper has looked at the changes in stature of the Czech and Slovak 
population after two important political, social, economic and institutional 
changes of the twentieth century Eastern Europe - the 1989 transition from the 
communist regime to democracy, and disintegration of Czechoslovakia in 
1993 into two independent countries. Changes in height by gender groups 
were also examined and robustness was tested by examining a second 
dataset.  
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Overall, the following results emerge. First, there has been a significant height 
increase for every additional year spent under democracy (0.2-0.4cm; 0.18-
0.36cm for sample younger than 50 to account for shrinkage) or as 
independent countries, and part of this effect can be attributed to the 
transition. Second, political and economic liberalization were directly 
beneficial, consistently with other studies in East and West Germany, and 
Spain among others (Costa-Font & Gil, 2008; Hiermeyer, 2008; Komlos & 
Kriwy, 2002; Komlos & Snowdon, 2005). Our results suggest that the 
transition period did not have a detrimental effect on health and standard of 
living as heights have continued to increase in both countries. Third, although 
it was difficult to disentangle the effects of transition to democracy and the 
break up, most of the findings hold even when democracy is adjusted with 
the Polity IV index or the analysis is carried out with a different data set 
(Eurobarometer). Despite the existing evidence of an initial deterioration in 
the standard of living in the transition countries (Leff, 1996; Milanovic, 1998), 
our results demonstrate that starting from 1990 there continues to be a  small 
positive effect on well-being as measured by an increase in height.  
 
Finally, when examining the results by income terciles height increases from 
the poorest to the richest tercile, for both men and women, implying that 
similarly to Germany (Komlos & Kriwy, 2003), social differences in height 
exist in both the Czech Republic and Slovakia. These findings are also 
consistent with the extensive evidence suggesting that inequalities were 
present already under communism and continued to widen in both countries 
after 1989 (Cox & Mason, 1999; Milanovic, 1998; Simai, 2006; Szamuely, 1996). 
There is also a significant education and gender effect. The level of education 
achieved is an important determinant of the individual’s height. It is 
important to note that most of the height literature focuses on parental 
education as a key determinant (Christiaensen & Alderman, 2004; Fedorov & 
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Sahn, 2005) so the education of the individual in this context was a proxy for 
the individual’s capabilities and the importance of schooling on health 
behaviour (Costa-Font & Gil, 2008; Donald S. Kenkel, 1991). There is no 
consistent country effect across the models.  
 
The statistically significant interaction between country and years spent 
under democracy implies that the democracy effect was not the same in the 
two countries. While the Czechs are on average taller, the Slovaks seemed to 
have benefited more from the transition to democracy. This result confirms 
the general hypothesis that the one performing worse has a bigger capacity to 
benefit. Slovakia was the poorer federation during communism and also had 
a rougher transition in the initial years under authoritarian rule (Meszaros, 
1999). Nevertheless, the Slovaks seem to have benefited from this transition 
more than the Czechs, which over years has brought an increase in their well-
being and standard of living as measured by height.  
 
When comparing across countries by income distribution, the Slovaks 
benefited more than the Czechs in the bottom and mid tercile with no 
difference in the top group. Furthermore, with increasing number of years 
under democracy the poorest in Slovakia benefited more in height than both 
the mid and top tercile. In the Czech Republic, the bottom tercile benefited 
more than the middle, and the middle less than the top tercile.  As noted 
above, evidence of inequalities and poverty since transition has been 
documented. The transition brought along significant social changes where 
particular groups benefited – especially those who were benefiting under the 
previous regime – while others such as pensioners, workers, ethnic groups or 
women were able to benefit much less; the cost of transition weighed most 
heavily on ordinary citizens who felt that they had too little influence on the 
political decisions that affected them (Leff, 1996; Simai, 2006). While the 
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transition years may have impacted negatively on the most disadvantaged, 
they were still able to benefit in terms height, and more so than the richer 
groups.  
 
The analysis revealed interesting findings when carried out separately for 
women and men. For men, the years spent growing up under democracy are 
significantly positively associated with height, even after controlling for 
different factors; for women there is no significant effect. The lack of a 
significant democracy effect for women actually suggests that the institutional 
and environmental effects during the transition did not bring substantial 
improvements for women compared to their position in the society under 
communism; in fact, women felt the erosion of their economic position after 
the transition with unemployment disproportionately affecting the females 
(Leff, 1996). Finally, education was an important determinant for both males 
and females, while income and employment are only significant for men.  
 
There are several limitations to this study. First, the low response rate in the 
WHS data used for the Czech population may have introduced bias in the 
results, as non-response bias where responders may be significantly different 
from responders, is difficult to account for. However, when the same analysis 
was carried out with Eurobarometer data we did not find significant 
differences. Second, as has already been discussed earlier, using self-reported 
height allows for reporting bias, which limits the precision of the magnitude 
of our estimates.  Thirdly, as has already been mentioned, it was not possible 
to disentangle the effects of the 1989 transition to democracy and the 1993 
disintegration of Czechoslovakia, even though both appeared to have a 
positive effect on stature as no acceptable control group could be identified. 
Finally, it can be argued that height does not depend monotonically on health 
and wellbeing during the first 20 years of one's life, and that some specific 
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years were more important than other. Hence, again the magnitude of the 
effect might be age specific rather than cohort specific. 
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